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Over a period of a nurmbor of y-ears in the Tedzhzen-.-...ur:abskiynnterfThuvia! arca nrA Tuhro-r.enis'an a cons'dcrable nuniber of plague-

like cultures of bacteria have boon isolated. from sick gerbils.
In p;articular this concerns the Iolatan or Badyzsk strains (A. '.
Akiyev et al., 1960). Up till now the :species affiliation of the
latter has not been clear, although their precise classification
has -reat sficance for the epizootoloIcal and epide'ologica.
characteristics of the trritory o2 s"outheastern

>ýThe purpose of the Preaent investigation -isa study of the
antigenic relationship of .icrobes of the 7olatan strains with the
bacteria of plague and pseudotuberculosis of rodents. 7

.,aterials and methods. Bacteria of toe lolatan strains were
subjected to i unocha:iicaI analysis for tii prosense of specific
antizens of the plague microbe and sjrologically active polysaccharide
(hapten). In addition to this their fibrinolytic activity was
studied. The investigation was carried out on iolatan strains 746,
.3, 1963, and 1962, isolated fromwild rodents in 1961 and 1963,and smooth variants 746 1d 1953, obtained in the laboratory byat .e plague strains dVin ICG

Yo. X. -'unskiy. Ls a control we used the plague strains ýV 14;L2G
a,-d e( (viralent, continental variant) and the typical strains of
.scudo-uberculosis of rodents - 64S and 1-R. The microbes wore in-

cubat•o on hottinrer acar at 67 0 for 3 days,. then washed with
-jy-sioloQcal solution, killed, and dried with cooled acetone. For.ý)osuro of fibrlnolytic a "t

Sonaciv& we used 1--10 billion suspensions
tel/mi of live bacteria, incubated at 280 on .fottin-er agar for
2 days. in tho determination of Fraction I of Baker et al. we used
t:io reactions of antibody neutralization (Levi, ,,omot, 1961) and
diffusion ;recipitation in agar (V. L. Pustovalov et al., 1962).
La.e wresonce of Fraction I in the microbes was judged also by their
ability to cause the formation of antibodies -o it in the organism
of rabbits. The sera of ayporimnunized animals vwero investigated
in tac reactions of passive h•;-agglutinatioa (1r,) and inhibition
of 1assive hemnagglutination (Yu. G. Suchkov, 1966). 1"or ZottingS
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UP aQ.c 0C~~l 7 used "' :"""

4L ý_-zOc witi t~anrin and c. ..

" /--Trans. 10ote. Th.is unit zaas not l dufnifuly ..
Tel evidently reOers to tolo or koCY. 7

The ~prosence of serologically _)ctOve poysacchariuo in -•ho
.icrobes was ostablishod vwith t'e lo.o to• '' .c . ,i" .. ,-
chariao he:.-ag•lutination (Ye. ot. B '.rh otal., 196-).

Group antigens of bacteria were identifie d in tLho rction
of diffusion precipitation in a~pr. ;de also usod the aglutLn-ta'".,
pla•-uo sor.m, of the "Ilikrob" institute and scra against t"u -
of 2alexner dysentery, typhoid, paratyphoid r, and salmonolla Q

and .:.orgarn.

The high toxicity of Fraction 2 for white mi.ce r-ade it possible
to use the biological method for its titration. Separate groups of
"white mice were given intraperitonoally suspensions of acetone-dried
bacteria or aqueous-saline extracts of them. The latter were pre-
pared by the method of Baker et al. (1952).

Detormination of the fibrinolytic activity of the bacteria was
carried out in the reactions of fibrinogenolysis and fibrinolysis.
(G. Ya. Yaromyuk, 1964). Ingredients of the reactions were fibrin-
olytic fractions of the plague microbe, highly purified fibrinogon,
and thrombin, which were kindly given to us by I. V. Doyaor4 dskiy.

A.Iicrobes of the Iolatan strains and pseudotuborculosis of
rode-,s gave negative results in thle antibody neutralization reeaction.
Analogous findings were obtained with aqueous-saline extracts of
bacteria. However, in the latter case an exception was an extract
fror. :;.tcrobes of strain 746, 'which reacted positively in the anti-
body neutralization reaction (to a dilution of 1:500). From this
extract several fractions wore isolated by subsequent saturation with
ammonium sulfate. Solutions of 3- fractions, precipitated with 30,
40, and 67ýý concentration of armionium sulfate in the extract, were
invest:igated in the antibody neutralization reaction (PiNA). Here
their titers comprised accordingly 1:240, 1:160, and 1:120. Each

.-action se2arately was subjected to purification by means of re-
peý-tcd drecipitation with arrmenium sulfate. after each roprecipi-
tation the titer of the fraction was checked in the R";A. Instead
of tae expected increase in titer, as this took place during an
analcgous fractionation of water-soluble antigens of the plague
mic-,obe (a positive result in the RNgA o: plague antigens was pre-
ser-ved up to a dilution of them of l:lO0--l:1O7), the titer of the
investigated fractions was reduced rapidly and after 3 roprocidi-
tations it became equal to 0, and the resulting fractions didoar-d
complotoly in the process of reprecipitation.
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in cro~ectiLon o-f d" rz'US-*on .-roci- ato Ln ':' 10 •,oS:L.

:---.c did not z-'oauco z. )r -ci
.. •. orrcs.•onding iraction .

inviztiga tons in the reaction of p..zAssLve .-_eL1u tinatIo n
o.:~c~ osaind fro:ypa rabuits showed that mic;'obos

o. .. ,..o jolatan strains do not st ulc'e tLe fori.ation of antibodies
to ).cticon I in c. organism of t:ecso animalss. Thouz. --i-o soi-a

o0 -' its, imurunlzed with microbeS of strains 746-IR and l-R,
). josJt.*vo result in the Rll.o in -a dilution of 1:40--1:240,

c oz.. s turned out to be nonscocific, which was established
- •hc. h of a reliable control of spocificity - tho reaction

_f ~...,,io_, ofz passive hemagr;lutination.

In the reaction of polysaccharide he:;iagg tination microbes
of t~e ±o-atan strains, pseudotuberculosis of rodents, and plague

reacted positively (see Table 1).

Table 1

Reaction of polysaccharide hemagglutination with microbes of the
lolatarn strains, pseudotuberculosis of rodents, and plaguo

%'YDCTbiTCAb11OClb PCKH nOiv

rjpý[WAAMHOCI "elioM. TR" "roro3AM&'WN 193
OWipNIIae2coh 2- axg g(ar

0.5 0.25 10.1210,060 .03

__ ucice +4 +2 - -

92 lTy6ePKYjIe3- -4 +14 +4 +2-
+4 +4 +4 -

Key: (a) Affiliation of bacteria; (b) Sensitivity of the reaction

of )olysaccharide hemagglutination with hapten, prepared from bac-
teria (iagi); (c) Tolatan; (d) Pseudotuberculosis; (e) Plague.

:.:icrobes of plague adi pseudotuberculosis of rodents preserved
... .ca._iy active polysaccharide (hapten) in approximately equal

uantities, and Iolatan strains - somcw:hat less.. No differences
were observed between the content of serologically active polysac-
charide in rough and smooth variants of microbes of the iolatan
strains.

Results of the investigation of microbes for the proszuco of
fraction (2! toxic) are presented in Table 2.

As can be seen from data in Table 2, acetone-treated bacteria
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02' ia-.i z'..':r"" in l1'Ju c do.-2..js c- C.- c. 0.1. C.b. .
ves:.-,.s ol' t~io suc 6cut raneous t3.'- "" - .- ..c. .. o.j ' lun. ,

and onl~a.--G,.n1-- o0 the spiean :jr -O-f / ' ,u
lu.n's .:a 3 .otcd -.ioro often in "..i- v.COe avhich d-od 1'.'o:,i ;iicrobus
of zhe 1olatan strains than fro:i -1 i_uo bacteria.

lzýble 2

Toxc eoluct of bacteria of t- otan strains o. .oaao-uorculosiz:
of rodents a.nid 51aue on white :.iice

' I
Kozs~wlCruo 746; 195 2 43 1 3- EB 53

6awrcpi!u-xI
il1li MaCd W Ij - - _ --7- 

-

8 4/2 413 4124/242 411 412 4/0 4/0 14/4 4/4
4 4/1 I4/14/1I 4/1 4/014/0 4/0 4/0 1141 4/4
2 4/0/4/0 4/014/0 4/0 4/0 4/0 4/0 414 4/4
1 410 j4/0 4/0 4/0 4/0 14/0 4/0 4/0 14/4 4/4

Note. 4wnmerator - total number of animals; denominator - number'of
animals which died.
Key: (a) Amount of bacterial mass in mg of dry weight.

The death of mice from the intraperitoneal 5 here there are
three letters which have no meanin,3 7 adcministration of suspensions
of microbes of the lolatan strains could not be caused by the
water-soluble Fraction 2, but by some other toxic components of
those bacteria. In order to clea•- up the reason for the death of
the animals wve prepared aqueous-saline extracts of microbes of
io±atan strains and plague. The white mice were given amounts of
extract which corresponded to 20 m; of dry bacteria of the lolatan
stru-in or 1 mg of plague microbes. Death of thie animals set in
only under the influence of the extract from plagu.e bacteria. Thus
the toxic component of bacteria of the lolatan strains was concen-
trated in t:me water-insoluble seoiment of the microbial cell, which
pointed to the non-identity of the toxin of bacteria of lolatan
str-Lns to tne toxin of plaguo bacteria (Fraction 2).

InvestiGation of the microbes with the help of the reaction
of fibrinolysis and fibrinozenolysis showed that in contrast to
plague bacteria the microbes of lolatan strai =z 4nd pseudotubercu-
losis of rodents did not dossess a fibrinolytic activity.

Results of the investigations, conducted for exposing ::rou.
antigens with the help of the reaction of diffusion preAtaun
in agar, are depicted in Table 3.
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c: on L;u. 02 dc-Li2 io rcý.iXLtc. AAn a ;;it2,l- 'Oz.ctC;ori' of

2~. _,cczudotlubý;rculoziS of7~d~x,..~..ltn z-n

06p-I30O.1111Jux azIT&iTL:.J;Ibi CUIAHOOTOK.
13;,;x irr.aKo- H HO.IOp3CTHOi1Mp.IM.1 M~i re

CWHBOPOTOX 1953 1 746 1 4 ,

ý:?jyllfl 4 5 4 435 515 77

rpyniia J

;X.y: (a) ;.2ype of agGlutinatinc. sera ; (b) Number of precipitation
1incc for~CQ by antibodies of sora and by water-soluble antigens
of i.licýobos of strains: (c) Plag;ue; (d) Enteric-typhoid group of
ba cto r-1a.

In tioren~ction of' d.iff.usion 2recipitataion in gel with anti-
_L*~utinatin- serur.i the r~icrobaS of tqe lolatan strains and

. 'Ot!ubc:-uio--s of A rodents f'ormaed up to 4-5 precipitation
li:;z oinciding- with t-he correspondingr lines of precipitation

of IKdc ntiGens and antCibodies ol' aoglutinating serun.. Not one
1'L t~izo 11nas fused vdth the zone of ,)recipitation belonGing to

:-ract-ion 1. App)arently the stated p)recipitation lines were formed
by ar.;igenos whaich aro co.".on for bacteria of pseudotuberculosis of

rod 1 , lolatan strains, and plague,

Ut.e conducted still one *m-ore test, in whichn a solution of
ý;C n and serum was placed in to agar holes for the reaction of

d~i1'2uzcon precipitation not once, but in lots over a period of
s-evor'ul days (V. L. .r~ustov--;'o-% et- al.., 1962) and in greater amounts
4-*-hiýn in tne first experiment. He~re additional zones of precipita-
tion zip,.oared and the total nuxaber of precipitation lines increased
inl tj-io holes wi~th )laCuc microbes up to 15,, with pseudotu-borculosis
bacteOria - up to 12, and wit.'- rn*Lcrobos of the lolatan strains - up
to 10. 1ioaever, the numiber of' coinciding precipitation lines,
for..,.od by relat~ed antigens of bxactei-ia of various types and anti-
b)odies of serum, remained the same aýs-dux'ing the sing6-le application
of antigens and seruma in the agar holes,

parallel wvith tie study of antig-ons of the Iolatan strains
which were cormmon vrith anti-ens of plabue and psoudotuborculosisL.-
mi~crobes vie conducted an experximent for Invest igat~ion of the anti.
L-enic 'com.naunity of 1 ilatan,. plague., and pseudotuberculosis bacteria
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dinco o 1 selru•on m. ""c"J ,;'i- a ...,.•_~u,• of all ea. strains -,%;Qd in z_-' I nv ..- :•') .i:.:

"aj- nd ... a 1 , an s•on o 1la -ie r tno r a-. :d ...o 0:an. Tho re'suls o," -.a-
o•.9o~i~n t•redout to be nosaEý-ivr, s-Inco not in ono cz.ý-o cý-d ",ao

ob~c---;o c- .rocipitation reaction boý,;ncon antigens of bacte-ria and
a'nti'oodies ol' seruam.

",- is nocessary to note that for obtainin., more reliable
r lults all tho tests with the roaction of .. f.u io: r ci .tion
in e.gar "::ero conducted at the same tii;.o, with onu zeoLicz of ajax',
and in tio same routine and on ihe samo num-,ber of 2otri dishes.
This perniitted zhe multiple doubling of each individual result.

Conclusions

.,iicrobes of the iolatan s-rains have antigens .Tich are co'a.non
"wit, bacter:La of plagrue and pseudotuberculosis of xrodents. At the
saeo tLme thie antigen composition of bacteria of iolatan strains
diff'ercd considerably from tae antigen composition of iaLcrobs from
tho onteric-typhoid group. Bactoria of the lolatan strains did not
contain the antigen--fraction i which is specific for the plague
microbe. it is true that microbus of strain 746 caused the forma-
tion, in the organism of rabbits, of antibodies which, in the RTPH,

agglutinated shaeep orythocytes which were sensitized with Fraction i.
However, tue nogative results obtained in tho investigation of the
sera from these rabbits in the reaction of inhibition of passive
herag;lutination indicate the insuff icient specificity of antibodies
which aggrlutinated diagnostic agent. i,4icrobes of strain 74- also
contain a protein factor, large amounts of which may bind antibodies
to 2raction i in the antibody neutralization reaction. It is pos-
sible that to sone degree this component possesses an antigon re-
lationship with Fraction I, but not sufficient enough to cause the
forciatlon of antibodies which are completely identical to antibodies
to Fraction i in the organism of rabbits. Apparently the antigen
from bacteria of the lolatan strain 746 which vie investigated is
analogous to the antigen discovered by Xvan and associates in 1965
in certain strains off pseudotuberculosis of rodents.

In ricrobes of the iolatan strains there is an absence of
fibrinolytic activity, which is one of the rather constant features
of t:he lague microbe and never occurs in pseudotuberculosis microbes
(G. .. _aromyuk, 1963).

i..icrobes of the lolatan strains do not contain the antigen
whiica determines the toxicity of Fraction 2 (Baker et al., 1952)
f .r ahite mice and rats. It is 1cmown that the toxin of u plLuJue
microbe is specific and differs fror one toxin of bacte.ia of -,cu-
dotuberculosis of roderns, (Knapp, 1959). However, nicrobo. of
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-. ~.;-c. -ilisk-f*y ot al., 1964; G- .. Gollkovsliy, 1 '6b oA;u
ct.r~.(V ~.Tuar~cy., 1958; 1" . i~o or-ci-k-- -z d., 1C60;

OW 1C163; Grnon, 1965i; and others), a~iu o-'t~.r
cL~1~;of 3vz(na? 9-9; m. ~nftonlov, 1960; 1;vk~r% o a.

i;c n v.r eo vs to -LQLQ ',-a-!-edyou ps o f b -ot 0 -1a
rzi ?-c -- ticularly a,),aront. is tao idontit-y Of L 1."

oz~ r.oran ea ture s (biociheri%'.,i:u~o 4 .cJ bio-
~ c.tc *of t:~lolatan and -,sev-dotubarculosis a

- ~ miCrobas of tiia lolatan strains are a variant of.
~otu.:~cuosisrod pfieft, whichx during tha courso of ovo-
f`n:r zdai-)-ation to environmen- 'have lost certain typical prop-

~ s.T-his led to difficulties in the identification of bacteria
o-," tL".ic; .- olatan strains and ti-Dcarrying out of differential diag-

~o sof' t-hemiV~th bacteria of Plague and. pseudotuborculosis of
rodents.
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